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Influence of dietary mannan oligosaccharide  
and clinoptilolite on hematological, biochemical  
and gut histological parameters in weaned pigs
Abstract 
Background and Purpose: Yeast derivative mannan oligosaccharide 
(MOS) and zeolite clinoptilolite (CPL) well known nutritional supplements 
acting as either prebiotic or immunobiotic, respectively, in animal husband-
ry. The aim of this study was to investigate whether or not these agents re-
ferred to as potential alternatives to antibiotics may positively influence 
systemic immune parameters of weaned pigs without negatively affecting 
their hematological, serum biochemical and gut histological homeostasis. 
Materials and Methods: Sixty pigs from a commercial farm were 
divided into three groups comprising 20 pigs each and treated at 4 weeks of 
age as follows: controls received standard weaner diet, whereas diet for prin-
cipals was supplemented with 0.2% of MOS or 0.5% of CPL. The experi-
ment was conducted throughout 35 days and at either Day 7 or Day 35 
intervals starting at Day 0 before the treatments hematological, serum bio-
chemical and intestinal histopathological parameters were monitored, re-
spectively.
Results: Pigs fed CPL supplement had lower proportion of lymphocytes 
(P<0.05), but higher proportions of neutrophils and eosinophils (P<0.05) 
at Day 21. Neither MOS nor CPL affected values of hematological param-
eters. Serum levels of hepatic enzymes in pigs fed CPL supplemen, with 
exception of lower value of creatinine kinase (CK) at Day 35 (P<0.01) were 
not changed. These pigs had lower level of total proteins (P<0.05) at Day 
28, but higher levels of urea (P<0.05) and creatinine (P<0.01) at Day 35. 
Generally, principal pigs had milder damages of villi, similar infiltration of 
lymphoid/myeloid cells within jejunal/ileal lamina propria and follicular 
hyperplasia in mesenterc lymph node, but more extensive proliferation 
within Peyer’s patches.  
Conclusions: MOS did not affect any of monitored parameters, and 
CPL only sporadically induced lymphopaenia and granulocytosis, decrease 
of CK and total proteins and increase of urea and creatinine levels, indicat-
ing that the agents were not associated with any harmful side effects on 
monitored blood and gut parameters and impairment in general health 
status of pigs.
INTRODUCTION
The EU ban on in-feed antibiotic growth promoters (AGP) in swine production has stimulated research for alternative strategies on 
weaning diets as a way of reducing postweaning gut infections of bacte-
rial etiology and growth retardation as well as of modulating immune 
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Since the 1980’s intriguing reports have appeared suggest-
ing that vast variety of substances of natural or synthetic 
origin act as immune response modifiers (IRMs) and can 
restore, stimulate or suppress the innate and adaptive im-
munity in domestic food animals and, hence improve 
their health, growth and performance (1). Based on their 
biological/genetic or chemical origin and immunomodu-
lating properties these substances have been classified as 
prebiotics, probiotics, IRMs in narrower sense, recently 
termed immunobiotics (including microbiotics, fungibi-
otics, phytobiotics and zoobiotics), chemical compounds 
(natural or synthetic), metals/microelements, minerals, 
nutrients and nutraceuticals (2). Recently, strategies aim-
ing at stimulation of natural porcine defenses, mainte-
nance of their systemic/gut health and performance 
through the use of such substances with bioactive proper-
ties have gained increasing interest in research and have 
been subject of numerous nutritional and immunohema-
tological investigations in pigs (3-12). However, the re-
sults obtained with majority of these substances remained 
inconclusive as the final aim of using such in-feed supple-
ments is to promote pig immunity, health and perfor-
mance. Among those few which have shown to be effec-
tive in zootechnology and biomedicine are: (a) a variety 
of polysaccharides from different natural sources, such as 
yeast derivatives b-glucans and mannans (3) and (b) 
natural clay minerals, such as aluminosilicate compounds 
bentonite, kaolin, diosmectite, attapulgite and zeolite 
(12). The main source for in-feed supplement currently 
used in pig nutrition as a natural additive is mannan-
oligosaccharide (MOS) found in large quantities in yeast 
cell wall (3, 9), The most promising results to date have 
been obtained with montmorillonite, smectite, illite, ka-
olinite, biotic and zeolite clinoptilolite (CPL) for their 
ability to replace AGP as feed additives and to maintain 
swine health and performance (7, 11).  
Among 140 types of natural zeolites, the best known 
and the most thoroughly tested for its safety and efficacy 
as feed additive for animal species of veterinary impor-
tance is CPL (13). CPL has shown to be effective as 
growth-promoting (14), immunostimulating (15) and gut 
health restoring anti-bacterial (16 ) dietary supplement in 
pigs. Moreover, CPL is the most widespread compound 
in the medical market and recently has been approved as 
feed additive in the EU. The CPL utilization in animal 
biotechnology and veterinary medicine are as detoxificat-
ing, anti-diarrheic, growth-promoting, antioxidant, he-
mostatic and immunostimulating agent, and in human 
medicine as an adjuvant in immunodeficiency, oncology 
(after chemotherapy and radiotherapy) or reducer of ra-
dioactive elements (7, 11, 12). Additionally, the use of 
CPL has beneficial effects on reproductive efficiency in 
swine (10). An interesting finding was reported earlier in 
1998 by Stojic et al. (17) who documented significant 
increase in IgG absorption in piglets oraly dosed with 
CPL immediately after partus. Also, the same phenom-
enon was previously described in calves (18).
Although MOS belongs to non-digestable oligosac-
charides, and its mode of action differs from other prebi-
otics, it represents the main source for in-feed supplement 
currently used in pig nutritional as a natural additive (3, 
9, 10). MOS offers a novel approach to balance the intes-
tinal microbiota to beneficial direction and thus improve 
overall gut health and welfare (19). Also, dietary MOS 
maintain the intestinal morphology and absorptive/diges-
tive functions (20), stimulate the immune functions and 
improve disease resistance (21, 22) by promoting bacte-
rial antigen presentation facilitating thereby the shift from 
innate to adaptive immune responses (23) in weaned pigs. 
However, apparently inconsistent data were obtained on 
growth promoting effect of MOS as feed additive since 
some studies reported no benefits (23, 24), while others 
have recorded growth rate improvements in weaned pigs 
(25, 26 ). In addition, improvement in IgG absorption, 
was recorded in piglets and calves following peroral ad-
ministration of MOS during the first day of life (27, 28). 
The objective assessment of alternatives to in-feed AGP 
in food animals, including swine must impact positively 
on their health and performance, and on their products in 
order to be fully accepted by producers, feed compounders 
and consumers and to be environmental friendly. Regard-
ing the limited reports on potential adverse effects of MOS 
(29, 30) and CPL (31, 32, 33) in-feed supplements, tested 
in pigs as natural alternatives to AGP in our recent studies 
(15, 34) we have considered that data on their possible 
negative consequences for pig health and food safety 
should be evaluated as it has been already performed and 
presented for synthetic substances with putative immuno-
stimulating properties (35, 36, 37, 38, 39, 40). 
Namely, in our previous studies dealing with immu-
nobiotics of either natural (for review see (2)) or synthet-
ic origin (35, 36, 37, 38), the most promising results have 
been obtained with levamisole (LEVA) and polyoxyeth-
ylene-polyoxypropylene (POE-POP) as immunomodula-
tors and adjuvants and potential alternatives to AGP in 
weaned pigs (39, 40). However, data on their potential 
adverse effects on porcine health status, particularly in 
terms of changing their hemogram/erythrocyte constants 
(41, 42) and serum biochemistry parameters (43) and in-
ducing alterations of the small intestinal histocytology 
(38) are still scarce. Recently obtained results imply that 
a single peroral immunomodulating treatment with either 
LEVA or POE-POP was not associated with any adverse 
effects on monitored immunohematological, serum bio-
chemical and gut histocytology parameters, and thus, 
does not suggest impairment in general health status of 
weaned pigs due to these treatments (44).
Therefore, this research is a continuation of our previ-
ous studies which showed that dietary MOS and CPL 
acted rather as immunostimulators in recruitment of cir-
culationg and intestinal lymphoid cell subsets than as 
growth promoting feed supplements in weaned pigs (15, 
34), and was performed to investigate whether or not 
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these agens may positively influence peripheral blood cel-
lular and humoral parameters in weaners without nega-
tively affecting their hematological, serum biochemical 
and gut histological homeostasis. 
MATERIALS AND METHODS
Pigs. Sixty crossbred pigs (Topigs®) of both sexes (fe-
males and castrates) and body weight of approximately 
6.8 kg, progeny of six litters (from 3rd parity sows) from 
a commercial swine farm in eastern Croatia were used. 
The pigs were weaned at 26 days of age, housed, managed 
and fed with a standard weaner diets (without antimicro-
bials or growth promoters) according to rearing technol-
ogy of the farm. Experimental and animal management 
procedures were conducted in accordance with the “Di-
rective for the Protection of Vertebrate Animals used for 
Experimental and other Purposes” (86/609/EEC).
Experimental design and treatments. Weaned pigs were 
randomly divided into three groups comprising 20 ani-
mals each, ear-tagged with numbers 1-20 and kept in the 
same rearing facility of the farm in the separate pens as 
described earlier (40). After two days of accommodation 
the experimental pigs were treated as follows: (1) control 
pigs received standard weaner diets either SO - 0 from 
Day 0 (or 4-weeks of age) to Day 21 or with SO-1 from 
Day 22 to Day 35 (or 9-weeks of age) of the experiment, 
whereas both diets for the principals were supplemented 
with either (2) 0.2% of MOS (Bio-Mos®, Alltech, Nicho-
lasville, KY, USA) or (3) 0.5% of CPL (Vetamin®, Panaceo, 
Austria) as detailed earlier (38, 40). The experiment was 
conducted throughout a period of 35 days and 7 pigs 
(marked with numbers 1-7) per group were sampled for 
peripheral blood at seven day intervals starting at Day 0 
before the treatment. At either Day 0 or Day 35 of the 
experiment 5 pigs per group (marked with numbers 16-
20) were euthanatized by intracardial injection of 0.3 mL/
kg of T61 preparation (Hoechst®, München, Germany) 
and sampled for histopathology.
Sampling. Blood samples (10 mL) were collected from v. 
cava cranialis using vacutainers (Beckton Dickinson, Plym-
outh, UK) and separated in two alliquots, one (2 mL) in 
the plastic tubes  with disodium EDTA (Sigma, St. Louis, 
USA) as an anticoagulant (1 mg/mL) for hematology and 
one (8 mL) in the glass tubes for serum biochemistry. Im-
mediately following euthanasia at either 4 or 9 weeks of age 
(at Day 0 and Day 35 of the experiment, respectively), the 
specimens (1 cm) of mid jejunum and ileum and a part (0.5 
cm) of mesenteric lymph node (MLN) were taken from 
each of 5 pigs per group, and fixed in 10% paraformalde-
hyde - phosphate buffered saline (PBS) solution (pH 7.2) 
for 24 hours until used for histopathology analysis.
Hematological analyses. Total leukocyte count was de-
termined using an automated counter (System 9120, Se-
rono Baker, Pennsylvania, USA). The blood smears were 
prepared and stained according to May Grűnwald-
Giemsa technique, examined by a microscope Olympus 
BX 41 under an immersion magnification in order to de-
termine the differential blood counts. The relative ratio of 
leukocyte subpopulations (lymphocytes, neutrophils and 
eosinophils) was acquired in relation to their total counts. 
An approxymate value of total serum globulins (Glb) was 
obtained after determining the values of total proteins and 
albumin with original reagent kits from Olympus Diag-
nostica using an automated biochemistry analyzer (Olym-
pus AU 600, Olympus Diagnostic, Hamburg, Germany) 
and by subtracting the value for albumin from that ob-
tained for total serum proteins. The numbers of erythro-
cytes and thrombocytes as well as the levels of hemoglobin 
and hematocrtit were determined by the standard meth-
ods using an automated counter Serono Baker System 
9120 (Pennsylvania, USA).
Serum biochemistry analyses. The serum profiles of he-
patic enzymes: alkaline phosphatase (ALP), alpartate 
aminotransferase (AST),  alanine aminotransferase 
(ALT), namma glutamyl transferase (GGT) and creati-
nine kinase (CK) and metabolites (glucose, creatinine, 
urea, total  cholesterol, total triglycerides, total proteins 
and albumin) were determined according to the standard 
methods using original reagent kits from Olympus Di-
agnostica (OSR6204 for ALP, OSR6509 for AST, 
OSR6507 for ALT, OSR6520 for GGT, OSR6279 for 
CK, OSR6521 for glucose, OSR6578 for cratinine, 
OSR6534 for urea, OSR6516 for total cholesterol, 
OSR61118 for total triglycerides, OSR6532 for total pro-
teins and OSR6502 for albumin) using an automated 
biochemistry analyzer (Olympus AU 600, Olympus Di-
agnostic, Hamburg, Germany).
Histolopathological examination. After fixation in 10% 
paraformaldehyde - PBS solution the specimens of jeju-
num, ileum and MLN were processed for histpathological 
examination by dehydration in 70% and 96% ethanol for 
1 hour  and by two immersions into 100% ethanol for 1 
hour.  The specimens were incubated overnight in chloro-
phorm at 56 °C and then tranferred into the mixture of 
chlorophorm and paraplast (1:1) at 56 °C for 1 hour. Fur-
ther, they were, measured twice into paraplast (paraplast I 
and paraplast II) embedding medium (Sigma, Deisen-
hofen, Germany) for 1 hour at 56 °C. After cooling at 
room temperature the paraplast-embedded specimens were 
cut by the microtome (Reichert-Jung, Germany) into 5-6 
µm thick serial sections and floated on a water bath heated 
to approximately 50 °C. The selected sections were picked 
up with the 2% APES (3-aminopropyl-triethoxysilane, 
Sigma, St. Louis, USA) in acetone precoated slides and 
dried horizontally on a warming tray overnight at 37 °C. 
The sections were dewaxed in xylene (twice or 10 minutes), 
hydrated in graded alcohol solutions (for 5 minutes n 
100%, 96%, 80% and 70% ethanol) and immersed in 
distilled water. After rinsing in distilled water (twice for 5 
minutes), the sections were immersed into hemalaun (for 
10 minutes), rinsed in a tap water and immersed into eosin 
Hrvoje Valpotić et al. Impact of mannan and zeolite on porcine systemic and gut health parameters
66 Period biol, Vol 119, No 1, 2017.
(for 2 minutes). Then the sections stained with hemalaun-
eosin (HE) were again rinsed in distilled water (twice for 
5 minutes) and dehydrated in graded alcohol solutions 
(70%, 80%, 96% and 100% ethanol), enlightened by 
short immersing into xylene and embedded in the Canada 
balsam. The sections of the specimens sampled were dried 
and examined for histopathological changes under a light 
microscope with built-in camera (Nikon Microphot –
FXA, Japan). The selected areas of each tissue specimen 
section were photographed.
Statistical analysis. Numerical data were analyzed by 
the Student’s t test for dependent samples, because there 
were only three groupus of pigs (i.e. the control group fed 
standard weaner diets and two principal groups fed these 
diets supplemented with either MOS or CPL) using the 
StatisticaSixSigma software (StatSoft, Inc.). Significance 
of differences between the values obtained for pigs in the 
control group and those obtained in the pigs treated with 
either of supplements applied were considered as signifi-
cant at P<0.05 and lower values. 
RESULTS
Hematological parameters
None of cellular and molecular hematological param-
eters tested in weaned pigs were influenced by MOS 
supplementation during 5 weeks of the experiment (Ta-
ble 1). 
At Day 21 of the experiment the pigs fed CPL supple-
ment had significantly lower proportion of lymphocytes 
(P<0.05), but higher proportion of neutrophils and eo-
sinophils (P<0.05). Although not significant an age-depen-
dent increase in the proportions of leukocytes and level of 
Glb was observed in the pigs from all three groups, reach-
ing peak values at the end of the experiment (Table 1).
Neither MOS nor CPL affected the values of red blood 
picture parameters, indicating that they did not cause any 
harmful side effects on hemogram and erythrocyte con-
stants during the observation period of 35 days (Table 2).
Serum biochemistry parameters
The serum levels of hepatic enzymes with the exception 
of significantly lower value of CK (P<0.01) in the pigs fed 
CPL supplemen at Day 35, were not changed during the 
experimental period (Table 3). 
Interestingly, much lower values of ALT were recorded 
in both groups of principals (MOS; P<0.05 and CPL; 
P<0.01) at Day 0 prior to feeding with supplements. At 
Day 28 of the experiment the pigs fed CPL supplement 
had significantly lower serum level of total proteins 
(P<0.05) but higher levels of urea (P<0.05) and creatinine 
(P<0.01) at Day 35 of the experiment (Table 4).
Table 1. Cellular and molecular hematological parameters of weaned pigs fed diet supplemented with MOS or CPL from Day 0 (4-weeks of age) 
to Day 35 (9-weeks of age)
Parameter/Group
Day of the experiment
Pooled
SEM0         7 14 21 28 35 
Leukocytes (x109/L)
Control 20.45      22.49 23.97 25.12 25.51 26.98 2.56
MOS 23.27            27.57 27.41 24.26 29.03 29.30 2.74
CPL 17.10      18.67 20.37 24.11 25.89 33.51 2.32
Lymphocytes (%)
Control 49.16 49.95 56.09 56.43 58.87 58.34 1.94
MOS 51.00 49.67 51.29 58.29 53.00 52.67 5.37
CPL 51.14 47.67 57.50 45.57a 58.71 53.43 4.46
Neutrophils (%)
Control 49.03 45.77 44.70 41.68 38.04 39.14 4.17
MOS 45.14 48.33 46.57 41.14 44.43 45.00 5.41
CPL 45.43 50.17 40.17 50.86a 37.71 44.43 4.68
Eosinophils (%)
Control 3.22 3.97 3.07 2.01 4.95 4.87 0.55
MOS 4.00 1.50 3.00 1.00 2.40 2.33 0.68
CPL 4.00 2.33 2.33 3.67a 4.50 2.00 0.70
Total Glb (g/L)
Control 24.96 26.88 26.67 29.58 29.05 30.18 2.15
MOS 27.57 28.10 28.40 30.28 31.99 34.38 2.70
CPL 25.41 23.93 28.28 30.45 28.41 32.92 1.87
Data are expressed as mean ± SEM; groups comprised 7 pigs each. Means that differ significantly from the control group are marked with a superscripta 
(P<0.05).
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Table 2. Red blood picture parameters of weaned pigs fed diet supplemented with MOS or CPL from Day 0 (4-weeks of age) to Day 35 (9-weeks 
of age)
Parameter/Group
Day of the experiment Pooled
SEM0 7 14 21 28 35
Erythrocytes (x1012/L)
Control 5.24 5.76 5.51 5.34 6.09 5.57 0.29
MOS 4.81 5.82 5.61 4.89 5.53 6.01 0.22
CPL 5.00 5.81 5.28 4.96 5.43 6.15 0.17
Hemoglobin (g/L)
Control 91.41 99.82 93.35 94.77 108.9 99.02 5.96
MOS 83.57 98.33 95.43 91.14 102.7 109.4 4.58
CPL 87.29 97.29 88.83 89.00 97.42 113.4 3.36
Hematocrit (L/L)
Control 0.30 0.31 0.27 0.30 0.31 0.32 0.01
MOS 0.25 0.30 0.29 0.26 0.31 0.33 0.01
CPL 0.27 0.30 0.27 0.26 0.29 0.34 0.01
MCV (f/L)
Control 54.70 53.06 51.95 54.83 54.96 56.14 1.57
MOS 51.49 52.33 52.50 53.94 55.70 55.56 1.41
CPL 53.86 51.99 51.62 52.94 53.57 54.94 1.31
MCHC (g/L)
Control 327.1 323.7 327.8 340.1 330.0 326.9 5.91
MOS 339.3 324.7 324.1 347.0 333.6 328.1 5.78
CPL 324.4 322.9 327.0 339.0 336.0 336.3 5.04
Data are presented as mean ± SEM; groups comprised 7 pigs each.
Table 3. Serum levels of hepatic enzymes in weaned pigs fed diet supplemented with MOS or CPL from Day 0 (4-weeks of age) to Day 35 
(9-weeks of age)
Parameter/Group
Day of the experiment Pooled
SEM0 7 14 21 28 35
ALP (U/L)
Control 302.5 226.4 231.3 230.9 237.9 279.4 41.54
MOS 191.3 213.0 252.4 318.0 381.1 291.3 40.78
CPL 315.6 210.7 214.4 322.1 289.0 218.6 43.73
AST (U/L)
Control 33.1 49.6 49.7 49.7 42.6 46.9 6.97
MOS 35.4 44.3 72.3 42.6 59.7 50.1 12.49
CPL 24.9 40.0 52.1 42.9 37.4 34.6 6.21
GGT (U/L)
Control 48.1 33.8 36.5 32.0 38.6 35.7 5.91
MOS 47.1 34.3 37.3 36.7 43.4 40.0 5.84
CPL 35.4 28.8 33.3 33.3 41.7 43.6 4.62
ALT (U/L)
Control 41.7 30.3 34.5 39.3 41.3 50.8 3.85
MOS  27.0b 27.9 29.4 34.4 40.3 47.4 2.88
CPL 30.4a 26.5 32.6 36.7 49.7 48.1 3.15
CK (U/L)
Control 237.5 1489 736.0 977.9 2011 2089 678.0
MOS 246.0 948.0 2318 685.4 1731 1117 835.49
CPL 257.7 1097 2069 1210 656.1   384.6b 450.04
Data are presented as mean ± SEM; groups comprised 7 pigs each. Means that differ significantly from control group are marked with a superscript a 
(P<0.05) and b (P<0.01).
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Histological findings
A moderate apical necrosis of villous epithelim was 
visible in the mid jejunum of the pig from the control 
group (Figure 1a).
Also, a mild atrophy of crypts and vast infiltration of 
mononuclear leukocytes (MNL), predominantly natural 
killer (NK) cells and globular leukocytes (GL) within the 
lamina propria (LP) were observed. A mild oedema of 
submucosis with hyperemic blood vessels could be no-
ticed.  In the mid jejunum of the MOS supplemented pig 
the villi tended to amalgamate and became shorter and 
desquamation of epithelium in some places were visible 
(Figure 1b). A vast infiltration of MNL with less numer-
Table 4. Serum levels of metabolites in weaned pigs fed diet supplemented with MOS or CPL from Day 0 (4-weeks of age) to Day 35 (9-weeks 
of age)
Parameter/Group
                                                   Day of the experiment Pooled
SEM0 7 14 21 28 35
Urea (mmol/L)
Control 2.98 5.04 5.11 5.22 4.41 3.22 0.31
MOS 8.69 5.44 5.88 4.86 4.16 4.30 1.48
CPL 2.86 6.06 5.82 5.45 4.78  5.49a 0.53
Cholesterol (mmol/L)
Control 1.96 1.80 1.79 2.33 2.47 2.67 0.20
MOS 2.47 1.74 1.80 2.38 2.53 2.75 0.17
CPL 2.21 1.42 1.85 2.33 2.77 3.31 0.22
Creatinine (µmol/L)
Control 124.0 109.8 105.4 95.07 92.43 82.04 4.63
MOS 146.3 106.4 90.43 88.86 93.14 95.86 7.78
CPL 121.6 111.3 105.7 94.57 104.3 106.0b 5.23
Triglycerides (mmol/L)
Control 0.49 0.62 0.54 0.59 0.71 0.69 0.17
MOS 0.63 0.61 0.63 0.77 0.65 0.83 0.05
CPL 0.39 0.52 0.55 0.63 0.69 0.87 0.10
Glucose (mmol/L)
Control 6.26 5.56 5.38 5.90 5.05 6.03 0.27
MOS 5.60 5.97 6.04 5.24 6.14 5.90 0.38
CPL 6.93 6.00 6.05 5.70 6.41 5.37 0.26
Total proteins (g/L)
Control 57.21 52.59 55.07 56.71 64.13 59.22 1.98
MOS 67.71 53.71 51.71 53.29 57.86 58.57 3.01
CPL 56.86 49.33 53.29 53.29  55.29a 63.57 1.92
Albumin (g/L)
Control 33.07 26.63 24.27 28.44 29.05 26.95 1.58
MOS 33.33 26.28 23.61 24.88 27.57 26.59 1.25
CPL 31.45 25.40 24.24 22.83 26.87 30.66 1.68
Data are presented as mean ± SEM; groups comprised 7 pigs each. Means that differ significantly from control group are marked with a superscript 
a (P<0.05) and b (P<0.01).
Figure 1. Mid jejunum of  pigs from the control group (a) and from the principal groups fed diet supplemented with either MOS (b) or CPL (c) 
from Day 0 (or 4 weeks of age) to Day 35 (or 9 weeks of age) of the experiment. HE, x 10.
a)                                                              b)                                                              c) 
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ous GL was observed in LP and follicular lymphoid hy-
perplasia could be noticed within submucosae. Similarly 
strong infiltration of MNL with more numerous GL and 
mild infiltration of polymorphonuclear leukocytes 
(PMNL) were observed within jejunal LP of the pig fed 
CPL supplement (Figure 1c). A moderate focal desquama-
tion of epithelium with mildly oedematous mucosae were 
noticed in the mid ileum of the pig from the control group 
(Figure 2a).
Also, a vast infiltration of MNL with moderate num-
ber of GL were observed within LP. In ileal Peyer’s patch-
es (PP) granulomatous follicular inflammation with mod-
erate infiltration of eosinophils and multitude of NK cells 
were visible.  A milder focal oedema of ileal LP with in-
tensive infiltration of MNL and NK cells were observed 
in the pig treated with dietary MOS (Figure 2b). Less 
intensive follicular hyperplasia of PP was also visible. In 
the CPL supplemented pig an intensive infiltration of 
MNL with moderate number of GL in LP and follicular 
hyperplasia within submucosae of ileum were noticed 
(Figure 2c).  In the mesenteric lymph node (MLN) of the 
pig from the control group clearly visible a dense accumu-
lation of lymphocytes and rather prominent sinus histio-
cytosis were recorded (Figure 3a). 
Also, considerably expressed primary and secondary 
lymphoid follicles along with a strong follicular hyperpla-
sia as well as a strong sinus eosinophili and infiltration of 
GL could be observed. A strong follicular hyperplasia 
with significantly expressed secondary follicles compris-
ing moderate numbers of eosinophils and GL prevalently 
within subcapsular area of the MLN from the pig fed 
MOS supplement werenoticed (Figure 3b). A similar find-
ing was recorded in the MLN from the CPL-treated pig 
as a strong follicular hyperplasias and prominent prolif-
eration of lymphocytes with moderate sinus infiltration 
of eosinophils and histiocytes  could be seen (Figure 3c).
DISCUSSION
The results obtained on dietary MOS or CPL treat-
ments of pigs throughout 5 weeks following weaning did 
not indicate that these substances adversely affect their 
overall health status in terms of changes in hematological 
and serum biochemical parameters as well as in integrity 
of their intestinal mucosal barrier. Generally, the hema-
tological parameters were only differing slightly from the 
reference values for young pigs (45). Dietary MOS supple-
mentation, at the dose applied in our study, neither influ-
enced the level of total Glb nor counts/proportions of 
white blood cells (WBC) in weaned pigs. The former 
finding is in contrast to that reporting that the pigs fed 
0.03% of the yeast cell wall extract had higher IgA serum 
concentrations than their controls (23). However, when 
a dose of 0.3% has been applied differences were nonsig-
nificant, similarly as we have obtained for total serm Igs 
with a dose of 0.2%. The later fact seems to be inconsis-
tent with our finding of increased proportions of circulat-
ing CD45+ lymphoid cells, CD4+ and  CD8+ T or CD21+ 
B cells in pigs fed MOS supplement (34). However, it 
Figure 2. Mid ileum of  9-week-old pigs from the control group (a) and from the principal groups fed diet supplemented with either MOS (b) or 
CPL (c) from Day 0 (or 4 weeks of age) to Day 35 (or 9 weeks of age) of the experiment. HE, x 4, x 10 or x 20, respectively.
Figure 3. Lymphoid follicules in the MLN of  9-week-old pigs from the control group (a) and from the principal groups fed diet supplemented 
with either MOS (b) or CPL (c) from Day 0 (or 4 weeks of age) to Day 35 (or 9 weeks of age) of the experiment.  HE, x 4.
a)                                                              b)                                                              c) 
a)                                                              b)                                                              c) 
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could be ascribed to short-term alterations in the expres-
sion of membrane markers (i. e. differentiation antigens) 
on immunophenotype-specific cell subsets within popula-
tion of lymphoid cells due to the exposure of pigs to di-
etary MOS during postweaning immune maturation as 
suggested by Davis et al. (46 ). More evidence has been 
reported that dietary MOS has both direct and indirect 
modulatory effects on porcine immune functions by pro-
moting bacterial antigen presentation facilitating thereby 
the shift from innate to adaptive immune responses (23) 
and on improvement of disease resistance (21). Also, 
MOS improves immune responses by rapidly increased 
numbers of leukocytes, lymphocytes and neutrophils of 
nursery pigs 7 days post-infection with porcine reproduc-
tive and respiratory syndrome virus (47). These discrepan-
cies are probably due to differences in the study design 
(32, 47), the duration of experiment (21, 23), breed of the 
pigs tested (21, 23, 47) and particularly dosage of the 
agent (32).  In the current study, when pigs were fed with 
dietay CPL the percentage of lymphocytes decreased and 
percentages of neutrophils and eosinophils simultane-
ously increased. However, these changes in systemic im-
mune function were short (recorded only at Day 21 of the 
experiment) and we assume that could be explained as an 
indirect response to transient alterations that were occur-
ring in the intestinal immune responsiveness to dietary 
CPL (15). Although the values for total serum Glb were 
not significantly increased in either MOS- or CPL- treat-
ed pigs during the experiment, it is interesting that both 
were much higher (34.38±2.7 g/L and (32.92±1.87 g/L, 
respectively) at Day 35 than the reference values (22.4-
24.6 g/L) according to Kaneko et al. (48). Such deviations 
could be ascribed to the differences in genetic and para-
genetic factors between tested pigs.
 None of the tested agents affected the values of hemo-
gram and erythrocyte constants indicating that their use 
in the pig nutrition does not pose a risk for the consumers 
in this regard. Morever, our data were within range of 
reference values for weaned pigs (49). Regarding dietary 
MOS supplementation, our results on hematological pa-
rameters agreed with those of Grela et al. (29) who also 
claimed that the agent did not change hemogram, WBC 
or leucogram, and that only erythrocyte count was sig-
nificantly higher at the end of the experiment or Day 84 
of life. Interestingly, our values obtained for WBC in the 
MOS supplemented pigs at the end of the experiment or 
Day 63 of life were much higher (29.3±2.74 vs. 12.3±1.02 
x 109/L) than that recorded at the nearest day of sampling 
or Day 56 of the experiment by abovementioned authors 
(29). Conversely, their values for erythrocytes obtained at 
Day 56 were higher (7.36±0.16 vs. 6.01±0.22 x 1012/L) 
than that recorded by us at Day 63. This is probably due 
to differences in the breeds of pigs used, the study design 
and particularly duration of the experiment as we have 
followed-up the effect of dietary MOS for 35 days, where-
as they observed it for 56 days. 
The results obtained in the current study for hemato-
logical parameters of dietary CPL supplemented pigs partly 
agree for leukocytes and neutrophils with those obtained by 
Šperanda et al. (31), with the exception of higher proportion 
of lymphocytes recorded either at Day 7 and 8 (47.67±4.46 
vs. 36.4±3.39%) or at Day 14 (57.5±4.46 vs. 40.2±3.39%), 
respectively, of the experiments. More recently, were re-
ported data on total leukocyte count (30.11±2.29 x 109/L) 
in pigs fed 0.5% of CPL supplement (14) similar to that 
obtained by us (33.51±2.32 x 109/L) with the same amount 
of CPL supplement. Data obtained for hemogram and 
erythrocyte constants were only consistent with those for 
erythrocyte counts (31), and were much lower for values of 
hemoglobin either at Day 7 and Day 8 (97.29±3.36 vs. 
115.2±8.26) or at Day 14 (88.83±3.36 vs. 104.6±8.26 g/L), 
hematocrit (0.30±0.01 vs. 0.420±0.02 L/L or 0.27±0.01 vs. 
0.36±0.02 L/L), MCV (51.99±1.31 vs. 66.38±1.27 f/L or 
51.62±1.31 vs. 63.8±1.31 f/L) or much higher for values of 
MCHC (322.9±5.04 vs. 273.6±10.75 g/L or 327.0±5.04 vs. 
287.0±10.75 g/L). How ever, all these deviations were with-
in range of refe rence values for young pigs (45). 
Except the minor oscillations, the values of the most 
biochemical parameters including liver enzymes and me-
tabolites tested, were within normal range for swine and 
in accordance with age of the pigs (48, 49). While the 
inclusion of MOS in pig diet did not affect values of 
tested parameters, CPL supplementation decreased serum 
level of total proteins and CK concentration at Day 28 
and 35, respectively, and increased levels of urea and cre-
atinine at Day 35 of the experiment. The other authors 
reported that dietary MOS partly affected serum levels of 
metabolites tested by either increasing or decreasing levels 
of total cholesterol fractions HDL and LDL, respectively, 
but did not affect the levels of triglycerides and choles-
terol (29) similarly as we have recorded for the later me-
tabolites in this study. Also, MOS supplementation may 
decrease HDL level and increase concentration of ALT 
(30), and the later finding is not in agreement with our 
finding of unaffected value of ALT. However, our data on 
unaffected levels of urea, cholesterol, triglycerides, glu-
cose, total proteins, albumin, ALP, AST and ALT by 
dietary MOS supplementation agreed well with these au-
thors. The obtained effects of dietary CPL on serum bio-
chemistry parameters tested in weaned pigs were mostly 
in contrast to those who reported that the agent decreased 
total cholesterol (14, 32) and urea levels (14) while in-
creased triglycerides, AST (32) and ALT (14). Namely, 
we have observed unaffected levels of these metabolites 
and AST or ALT as well as an opposite finding of in-
creased level of urea. There are no data for serum values 
of GGT and CK obtained in similarly designed trials, and 
thus we have compared our results with those of the oth-
er authors who simultaneously tested antitoxic efficiency 
of dietary CPL in pigs fed on zearalenone contaminated 
feed (31). Much lower values of GGT were obtained either 
at Day 7 and Day 8 (28.8±4.62 vs. 45.2±5.53 U/L) or at 
Day 14 (33.3±4.62 vs. 47.33±7.14 U/L) of the experiment 
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in the current study. Conversely, in this study much high-
er values of CK obtained either at Day 7 and Day 8 
(1097±450.04 vs. 233.60±321.88 U/L) or at Day 14 
(2069±450.04 vs. 298.6±321.88 U/L) of the experiment.
The histological features of the small intestinal mucosa 
in the pigs from the principal groups showed very mild 
damages and were rather normal for farm pigs which were 
exposed to the natural gut infections, indicating that test-
ed feed supplements did not induce any additional histo-
pathological changes. Also, there were no any adverse 
histological changes in the MLN tested following 5 weeks 
of dietary MOS or CPL supplementation. On the contrary, 
these supplements provided an immune protection against 
intraluminal microbiota as it was suggested for MOS (20, 
21, 22) as well as for CPL (15, 50, 51). Such protection of 
jejunal and ileal mucosal surfaces of the either MOS- or 
CPL- treated pigs was characterized by more extensive 
infiltration of lymphoid and myeloid cells as compared to 
those in untreated control pigs. An increased cellularity of 
the MLN and infiltration of dispersed and aggregated lym-
phatic tissues by histiocytes and eosinophils was observed 
within the small intestinal mucosa. As the mucosal dam-
ages were found to be less severe than those observed in 
the pigs experimentally immunized with attenuated 
F4ac+non-enterotoxigenic Escherichia coli vaccine candi-
date strain (52), we assumed that the dietary supplements 
tested did not additionally damaged jejunal and ileal mu-
cosa in the treated pigs. However, data on potential adverse 
effects of MOS or CPL applied as in-feed supplements on 
porcine general health status, particularly in terms of in-
ducing alterations of gut histology as their firstly expected 
effects should be in this compartment are still scarce (23, 
31), and are limited to gut morphology/absorptive func-
tion (20, 23, 25), beneficial microbiota (19, 24, 30) and 
immunity (15, 23, 34, 46).  
Since there are no evidences that these compounds will 
be degraded during their passage through the gastrointes-
tinal tract of treated pigs, the risk for the consumers is also 
an important aspect. In our recent studies we have fol-
lowed-up gut health status of weaned pigs fed with either 
MOS or CPL supplements by daily clinical observation 
and scoring the incidence/severity of diarrhea, by weekly 
examination of intestinal microbiota and by monthly 
checking changes in the intestinal cellular immunity (15, 
34). However, the literature dealing with the impact of 
dietary MOS or CPL supplementation on porcine health 
parameters tested in our current study is very rare, and thus 
further research are needed, particularly on their pharma-
cokinetics and physiological homeostasis in food animals. 
Considering all provided evidences in this study it can 
be concluded that dietary MOS or CPL when applied as 
feed additives in dose of either 0.2% or 0.5%, respec-
tively, did not disturb normal metabolic pathways and 
systemic and local (intestinal) homeostasis in weaned 
pigs. Namely, the obtained results imply that MOS (gen-
erally) and CPL (regardless sporadically influencing val-
ues of very few parameters, but still within the range of 
reference values) were not associated with adverse effects 
on a great majority of monitored parameters relevant for 
general health status of growing pigs.
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